Water in pharmaceutical industry is a key ingredient in many industrial processes, including machine washing and preparation of most medicinal products. The process of regular monitoring for the microbiological quality of water at the points of use is a critical aspect in ensuring the compliance to the limit. However, the full value of the microbiological control could be accomplished by the use of control charts and statistical quality control to show the trend and behavior of bioburden. In addition, Shewhart charts provide insight for prediction of the future of the water quality. In the current study, purified water samples were analyzed microbiologically during a two-year period. The generated data were continuously interpreted using statistical software packages. The trend indicated that two regions in Shewhart chart were in the out-ofcontrol state at these periods generating either out-of-trend (OOT) and/or out-of-specification (OOS). Investigations showed that these deteriorations in the performance were chronologically coincided with unusual rise in the microbial count of city water, although there was no direct correlation between the input and output water microbiologically. The rate of failure of product purified water was determined to be 7.69x10 -4 and P pk was 1.06 which were unsatisfactory performance. However, by removing the excursion periods due to the expected extraneous causes from the I-MR chart, a 337 times increase in the process performance was estimated with P pk index of 1.53 and quantitative performance failure risk (QPR) equals 2.28x10
Introduction
Purified water that is used for pharmaceutical production is a crucial Indeed, purified water (PW) is frequently used as an ingredient in the manufacturing of official products and in many medicinal applications; therefore, it must achieve the compendial chemical purity quality and safeguards must be ensured against microbial proliferation 3 . PW is prepared using potable water as income raw water and is purified using processing stages that include deionization, distillation, ion exchange, reverse osmosis, filtration or other known techniques or technologies, which necessitates the qualification of PW systems. Production, storage and circulation of water under ambient conditions in PW systems are susceptible to the development and establishment of coherent biofilms of microorganisms, which can be the origin of excursions in counts of viable microorganisms in the output water. Therefore, these systems require frequent disinfection and microbiological quality control monitoring in order to ensure delivering water of appropriate microbiological quality at the application point 4 .
Implementation of statistical and analytical tools to monitor the pharmaceutical water processing stations is very critical to control them and makes any improvements. Six sigma is an important tool and well known and proven method for improving processes.
Application of such important tool allowed for achieving quality that meets customer requirements that is simultaneously integrated with the "benefit" for the stakeholders. Interestingly, six sigma is applicable in all industries and services branches in addition to its broad acceptance on capital and labor markets. The use of Six Sigma tools allows for achieving balance between quality and cost 5 .
The aim of the current study was the investigation of the final purified water quality during long term inspection through approximately 14 months of monitoring. In addition, the state of control and its level was determined, and the points of defects investigated. Moreover, if the excursions could be related to definite special cause variations, , then reassessment would be conducted to find the impact of omitting such an assignable cause of the water station performance.
Materials and Methods
Before application of statistical processing on gathered results, analysis was made to verify normality of data distribution. If data did not pass a normality test, they were subjected to transformation procedure to approach Gaussian distribution. New water treatment plant was installed in pharmaceutical facility for production of purified Results that do not pass Minitab's tests are checked with a red marks on the diagram. A measure of potential process capability (C pk ) and an indicator of total process capability (P pk ) benchmark value of 1.33 was used as a reference value in many industries.
Upper Specification Limit (USL) was taken at 10,000 CFU/100 ml (four in Log 10 scale) as stated by USP but there was no Lower Specification Limit (LSL). As the microbial count decreases, the water quality is getting better even at zero CFU/100 ml. All procedures, statistical analysis, limits and criteria were established as those described by Eissa et al., 2015 6 .
A normal probability plot is an important mean to determine the degree of normality of data distribution. A p-value lower than 0.05 indicates the data is not normally distributed. Output results that is not normally distributed can't be processed further in the capability assessment. Transformation of non-normal data, or determination and elimination of the cause of the non-normality are methods to obtain normally distributed results. The better option is to improve the process so that the data is normally distributed. In order to measure the efficacy of purified water quality microbiologically, For pharmaceutical-grade waters, there is no specific official standard recovery method; however, the USP recommends, in the informational Chapter <1231>, the recovery techniqus that are detailed in other references Fig. 2 showed that 75% of samples counts were between 41 CFU/100 ml to 646 CFU/100 ml, 21% of samples ≤16 CFU/100 ml and 4% of samples ≥1622 CFU/100 ml. Capability plot diagram showed that both overall and within the process, capability met the specification yet P pk value was below the acceptance criteria and this is evident in Fig. 3 .
Although there was no correlation between microbial count in city (raw) water and purified loop water yet Fig. 4 demonstrated that outof-control conditions no.1 in I-MR chart were almost chronologically synchronized with two abnormal out-of-trend water count of the city water. 
Conclusions
The processing stages in the water purification plant are not absolute barriers against microbial creeping into the distribution system, and the purification system of water has a certain tolerance limit after which an outbreak of microbial population occurs and hence compromising the system efficacy and performance. The findings of study recommended to design protective pretreatment system that buffers sever fluctuations in raw water quality so that water station possesses the ability to work optimally in an attempt of delivering safe water for medicinal and Pharmaceutical manufacturing purposes.
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